Seventeen patients were anaesthetized with halothane vaporized in oxygen, air, and 75 per cent nitrous oxide in oxygen, for the performance of prolonged superficial operations. With oxygen there was an average fall in arterial pressure of 17 per cent from pre-operative value. When air was next substituted for oxygen in seven patients pressure changes were negligible, but substitution of nitrous oxide then resulted in falls averaging 20 per cent. When oxygen was followed first by nitrous oxide in ten patients falls averaging 23 per cent were observed which were substantially reversed on return to anas the vaporizing medium.
It is generally accepted that the arterial blood pressure falls to a varying extent during halothane anaesthesia. Johnstone (1961) states that this reduction is more ' marked when a mixture of nitrous oxide and oxygen is used as a vehicle for halothane than when oxygen alone is used. He also advises against the administration of nitrous oxide during halothane and oxygen anaesthesia because this is liable to cause depression of the cardiovascular system due to acute oxygen deficiency.
METHOD
Observations were made in seventeen patients undergoing prolonged and superficial operations with little bleeding. There was no selection with regard to sex, age, or general condition. Preanaesthetic medication consisted of morphine 10 mg or pethidine 75 mg combined with atropine 0.5 mg, or with hyoscine alone 0.6 mg. Anaesthesia was induced with nitrous oxide, oxygen and halothane. Following the administration of suxamethonium 75 mg intubation was carried out and anaesthesia was maintained with a constant halothane concentration generally 1.5 per cent (or less if the arterial pressure fell too low) in oxygen until the arterial pressure was stabilized. Controlled ventilation was employed and a non-return system with a Ruben valve was used. Minute volume ventilation was kept constant at 8 l./min. All patients were anaesthetized in the horizontal supine position which was maintained during surgery.
Arterial pressures were measured at 5-minute intervals or less by auscultation, using a mercury manometer.
During the first half-hour of anaesthesia with halothane and oxygen the arterial pressure was allowed to stabilize. The operation was begun only when a stable blood pressure had been achieved. After this time, with the concentration of halothane and the respiratory minute volume remaining constant, the gas mixture was changed and in Group I (7 patients) air was employed, followed then by 75 per cent nitrous oxide and 25 per cent oxygen. In Group II (10 patients) the nitrous oxide-oxygen mixture was administered first, then followed by air. The periods during which these gases were inhaled varied from 10 to 25 minutes. Finally, after the induction of anaesthesia but before the onset of surgery, 2 patients were exposed to a halothane-oxygen mixture until the blood pressure stabilized; thereafter nitrous oxide was added to the inhaled mixture.
RESULTS
When oxygen was employed as the vehicle for halothane vapour, reductions of up to 30 per cent (average 17 per cent) of the systolic pressure as measured on the day before operation were observed in 15 of the 17 patients (table I) .
When oxygen was replaced with atmospheric air the pressure was unaffected in 4 and rose slightly in 1 of the 7 patients, but in 2 there was a further small decrease. When the nitrous oxide BRITISH JOURNAL OF ANAESTHESIA and oxygen mixture was substituted for air a further fall in systolic pressure of up to 35 per cent (average 20 per cent) occurred in 6 patients. It remained unchanged in 1. When air replaced nitrous oxide and oxygen the arterial pressure rose to the levels obtained during the first period of halothane-air anaesthesia except in 1 patient whose systolic pressure remained unchanged.
In Group II (table I) the nitrous oxide and oxygen mixture was used first after the initial period of oxygen-halothane inhalation. Reductions in systolic pressure of up to 40 per cent (average 23 per cent) were observed in 9 of 10 patients. When, in the next stage, air was substituted, arterial pressure was restored to the level noted when oxygen was used in 4, almost restored in 3, and unchanged in 2 patients. In 1 patient (No. 8) systolic pressure remained unchanged throughout.
In the two instances in which nitrous oxide was added to the halcthane-oxygen mixture before surgery was begun a fall in blood pressure of 10 per cent and 17 per cent occurred.
DISCUSSION
Some degree of hypotension occurs fairly constantly after induction of anaesthesia with halothane and this has been attributed by Burn and associates (1957) and Severinghaus and Cullen (1958) to a direct depressant action of halothane on the heart, combined with a similar action on the vasomotor centre. Payne, Gardiner and Verner (1959) , however, were unable to demonstrate any direct relationship between the fall in blood pressure and the cardiac output in man and indeed demonstrated an increase in cardiac output in 7 of 12 patients in whom hypotension was present. This observation, combined with the well-recognized response of the blood pressure to atropine and to surgical stimulation, suggests that peripheral vasodilatation is a more likely explanation for the fall in blood pressure observed during halothane anaesthesia. This, however, is unlikely to explain the extension of the hypotension obtained when nitrous oxide is added to the halothane-oxygen mixture. For many years it has been widely believed that when used with not less than 20 per cent oxygen, nitrous oxide has no effect on the human cardiovascular system. But recently Bloch (1963 Bloch ( , 1966 has shown that the addition of nitrous oxide to an inspired mixture of halothane and oxygen is often associated with a decrease in blood pressure and heart rate, both during hypothermia and at normal body temperature, and that when the nitrous oxide is withdrawn these changes are reversed.
An increase in blood pressure is a well-known response to pain and the tendency for the blood pressure to rise again towards normal limits during halothane anaesthesia once surgery has begun could be due to the absence of any analgesic action of halothane. Thus the possibility existed that when nitrous oxide was added its analgesic effect would block the pain stimulus and the blood pressure would fall. This explanation, however, is excluded by our observation that hypotension still develops even in the absence of painful stimuli when nitrous oxide is added to a halothaneoxygen mixture.
The next possibility to be considered was that the observed hypotension was due to a reduction of the inspired oxygen tension by dilution with the nitrous oxide. This explanation could not be sustained when it was shown that a similar blood pressure fall was obtained when a halothanenitrous oxide-oxygen combination was substituted for a halothane-air mixture.
Although the administration of nitrous oxide causes a further fall in blood pressure in most patients during halothane anaesthesia, such an effect has not been reported when nitrous oxide has been combined with ether or cyclopropane despite the fact that the addition of nitrous oxide to any anaesthetic mixture must be assumed to increase the depth of anaesthesia to the same extent (Faulconer, 1959) . This difference might be explained by the fact that the depressant action of cyclopropane and ether can be compensated by an increased release of catecholamine; under halothane anaesthesia this release is insufficient to maintain the blood pressure (Price, 1960) .
These observations imply that nitrous oxide might have a slight depressant effect on heart muscle which is supported by Bloch's observation (1966) that both the blood pressure and the heart rate are decreased. Although such a direct depressant effect of nitrous oxide has not previously been described in man, Price and Helrich (1955) have shown that nitrous oxide can depress the myocardium directly in the heart-lung pre-paratdon of the dog, and more recently Craythorne and Darby (1965) have demonstrated a reduction in the myocardial contractile force in the intact dog. Thus the possibility exists that under certain circumstances nitrous oxide could have a direct depressant effect on human heart muscle. In support of this thesis Craythorne and Darby (1966) 
